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Impact of dietary enzyme complex on growth performance, nutrient
digestibility and fecal noxious gas emissionsin growing pigs
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ABSTRACT

Growing pigs (180, Yorkshire-Landrace x Duroc) with an average body weight (BW) of 26.40 + 2.29 kg were
used in a6-week study to evaluate the effect of dietary enzyme complex on growth performance, nutrient digestibility,
and fecal noxious gas emission in growing pigs. Pigs were sorted by their initial BW and sex, and allotted to pen
given a basal diet with 0, 0.05 and 0.10% enzyme complex. Overall (d 0 to 36), pigs fed the enzyme complex
supplementation diets had a greater apparent total tract digestibility (ATTD) of dry matter (DM) and nitrogen (N)
than pigs fed the basal diet (CON). Fecal ammonia, hydrogen sulfide, total mercaptans, and acetic acid emissions
were not affected by the enzyme complex supplementationond 1, 3, 5, and 7. No effects were observed on growth
performance, nutrient digestibility, and fecal noxious gas emissions between the enzyme complex supplementation
treatments. In conclusion, enzyme complex supplementation in corn-soybean based diets improved the ATTD of
DM and N, but neither improved growth performance nor decreased fecal noxious gas emissionsin growing pigs.

K ey words: Enzyme complex, Fecal noxious gas emission, Growth performance,
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Pigs cannot digest 15-25% of the feed they eat, because
the feed ingredients contain anti-nutritional factors that
interfere with the digestive process and/or pig lack enzymes
to digest some nutrientsin the feed. Anti-nutritional factors
can reduce protein digestibility, bind to various nutrients
or damage the gut wall and thereby reduce digestive
efficiency. In the 1950s, scientists added enzymes (amylases
and proteases) to diets of variousfarm animalsand observed
benefitsin productivity. Since then, use of exogenous feed
enzymes has been one of the most widely studied issuesin
theanimal industry (Adeolaand Cowieson 2011). Enzymes
act on the anti-nutritional factors and breakdown nutrients
that are not digested by animals. Omogbenigun et al . (2004)
supplemented an enzyme mixture (cellulase, galactanase,
mannase and pectinase) in wheat-based diet observed an
improvement in growth performance of weanling pigs.
Additionally, feeding weanling pigs (15 kg) with diets
containing xylanase and wheat co-productsimproved ileal
and total tract apparent digestibility of dry matter (DM),
crude protein (CP) and energy (Yin et al. 2000). While,
Kim et al. (1998) reported that finishing pigs fed sorghum-
based diets containing 0.05% cellulase did not affect growth
performance, carcass characteristicsand nutrient utilization.
The use of enzyme (amylase and cellulase) in sorghum-
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based diets did not substantially improve growth
performance and nutrient utilization in finishing pigs (Park
et al. 2003). Asmost of previous studiesfocused on effects
of enzyme complex in weanling and finishing pigs,
meanwhile, inconsistent effects were observed. We want
to evaluate the effect of enzyme complex in corn-soybean
dietson growth performance, nutrient digestibility, and fecal
NOXious gas emission in growing pigs.

MATERIALSAND METHODS

Enzyme complex: The enzyme complex was obtained
from a commercial company. It contains cellulase (12,000
units/g), amylase (10,000 units/g), protease (2,000 units/
g), xylanase (1,500 units/g), phytase (1,000 units/g), B-
glucanase (125 units/g), mannanase (30 units/g), pectinase
(20 unitsg/g), lipase (5 units/g) and galactosidase (3 units/
9).

Experimental design, animals and housing: The
experimental protocol used in this study was approved by
the Animal Care and Use Committee of Dankook
University. Growing pigs (180, Yorkshire = Landrace x
Duroc) with an average body weight (BW) of 26.40 + 2.29
kg were used in a 6 week experiment. Pigswere allotted to
3 experimental diets based on their initial BW and sex (10
replicate peng/treatment; 3 giltsand 3 barrows/pen). Dietary
treatment groups were: (1) CON, basal diet, (2) CON +
0.05% enzyme complex (EC1), (3) CON + 0.10% enzyme
complex (EC2). The diets were formulated to meet or
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Table 1. Composition of growing pig diets (as-fed basis) 1

Item Content
Ingredient, g/kg

Ground corn 588.9
Soybean meal, 475 g crude protein/kg 320.8
Tallow 28.0
Molasses 30
Limestone 3.6
Monocal cium phosphate 184
Salt 15
-Lysine-HCI, 780 g/kg 2.7
pL-Methionine, 500 g/kg 1
- Threonine, 890 g/kg 0.7
Choline chloride, 250 g/kg 11
Vitamin premix? 13
Trace mineral premix3 2
Calculated composition, g/kg

Metabolizable energy, kcal/kg 3537
Crude protein 176.6
Calcium 7.0
Total phosphorus 6.3
Lysine 10.1
Methionine + cysteine 9.3
Neutral detergent fiber 83.6
Acid detergent fiber 37.6
Analyzed composition, g/kg

Crude protein 174.3
Calcium 7.8
Total phosphorus 6.1
Lysine 10.8
Methionine + cysteine 9.8
Neutral detergent fiber 83.8
Acid detergent fiber 37.2

1CON, basal diet; EC1, basal diet + 0.5 g/kg enzyme complex;
and EC2, basal diet + 1.0 g/lkg enzyme complex; 2Provided per
kg of complete diet: vitamin A, 4,000 |U; vitamin D3, 800 1U;
vitamin E, 171 1U; vitamin K, 2 mg; riboflavin, 4 mg; niacin, 20
mg; thiamine, 4 mg; d-pantothenic, 11 mg; choline, 166 mg; biotin,
0.08 mg; and vitamin B,,, 16 ug; 3Provided per kg of complete
diet: Cu (CuSO45H,0), 15 mg; Fe (FeSO,.7H,0), 80 mg; Zn
(ZnS0O,), 56 mg; Mn (MnO,), 74 mg; | (as Kl), 0.3 mg; Co
(C0S0O,4.5H,0), 0.5 mg; and Se (Na,Se0,,5H,0), 0.4 mg.

exceed all nutrient requirements (NRC 2012) (Table 1). Pigs
were housed in an environmentally controlled, slatted plastic
floor facility in 30 adjacent pens. Each pen was equipped
with a self-feeder and nippledrinker to allow ad lib. access
to feed and water throughout the experimental period.
Sampling and measurements: Pig BW and feed
consumption wererecorded at the end of week 6 to calculate
average daily gain (ADG), average daily feed intake
(ADFI), and gain to feed ratio (G:F). Pigs were fed diets
mixed with chromic oxide (0.2%) asan indigestible marker
for the determination of apparent total tract digestibility
(ATTD) for DM and nitrogen (N) (Fenton and Fenton 1979)
for 7 d prior to fecal collection during the last week of the
experiment. Ond 42, fecal sampleswere collected randomly
from 2 pigs (1 gilt and 1 barrow) in each pen via rectal
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massage, and the urinewas collected in abucket viaafunnel
below the cage.

For nutrientsand digestibility analysis, all feed and fecal
samples were stored at —20°C until analysis. Before
chemical analysis, fecal samples were thawed at 57°C for
72 h, after which they were ground to pass through a 1—
mm screen. All feed and fecal samples were analyzed for
DM (method 930.15; AOAC International 2007) and CP
(method 990.03; AOAC International 2007). Chromium was
analyzed viaUV absorption spectrophotometry. The ATTD
was then calculated using the following formula:

Digestibility (%) = {1 - [(Nf x Cd)/(Nd x Cf)]} x 100

Where, Nf, nutrient concentrationin feces (% DM); Nd,
nutrient concentration in diet (% DM); Cd, chromium
concentration in diet (% DM); and Cf, chromium
concentration in feces (% DM).

For analysis of fecal gas emission, subsamples of slurry
(150 g fresh feces and 150 g urine from the same pen were
mixed well; 1:1 on the wet weight basis) were taken and
stored in 2.6-L plastic boxesin duplicate (Zhao et al. 2013a).
Each box had a small hole in the middle of one side wall,
which was sealed with adhesive plaster. The samples were
permitted to ferment for 1 d at room temperature (25°C),
after which the adhesive plasters were punctured, and 100
ml of headspace air was sampled approximately 2.0 cm
above the slurry surface. Two samples from each pen were
measured and then the average was calculated. A gas
sampling pump was utilized for gas (ammonia hydrogen
sulfide and acetic acid) detection. After collection, the boxes
were resealed with adhesive plaster to measure the fecal
gascontent at d 3, 5, and 7 as afore mentioned. Prior to the
measurements, slurry samples were shaken manually for
approximately 30 sec to disrupt any crust formation on the
surface of the slurry sample and to homogenize them.

Satistical analysis: All experimental datawere analyzed
as a randomized complete block design using the GLM
procedures. The pen was used as the experimental unit.
Orthogonal contrasts were used to the effect of treatments:
CON vs. EC1 + EC2 and ECL1 vs. EC2. Variability in the
data was expressed as the pooled standard error of mean
(SEM), and P<0.05 was considered statistically significant.

RESULTSAND DISCUSSION

Growth performance: Pigs cannot degrade non-starch
polysaccharide (NSP) efficiently found in corn and soybean
meal as lack necessary enzymes to digest NSP, and rely
largely upon anaerobic bacteriain large and small intestines
(Grieshop et al. 2001). Beneficia effects of addition of
enzymes such as f-mannanase, amylase, protease and
xylanase to diets fed to weanling and growing-finishing
pigswerereported (Pettey et al. 2002, Yi et al. 2013). Jo et
al. (2012) demonstrated that supplementation of 0.05% of
o-amylase, B-mannanase, and protease complex enzymes
to a corn-soybean meal diet may improve the growth
performance of growing pigs. However, in the present study,
ADG, ADFI, and G: F were not affected in growing pigs
fed corn-soybean dietswith 0.05 or 0.10% enzyme complex.
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Table 2. Effect of dietary enzyme complex supplementation on growth performance and apparent total tract
digestibility of DM, N, and gross energy in growing pigsl-23

Item Treatment SEM P-value

CON EC1 EC2 CON vs. EC1 + EC2 EC1vs. EC2
Growth performance
ADG (9) 676 710 713 17 0.103 0.898
ADFI (g) 1,546 1,575 1,563 25 0.455 0.742
G:F 0.438 0.451 0.457 0.013 0.303 0.720
Digestibility (%)
DM 75.72 76.77 77.17 0.47 0.042 0.549
N 69.49 72.57 7177 0.65 0.003 0.389
GE 75.86 76.73 77.79 0.57 0.056 0.199

ICON, basal diet; EC1, basal diet + 0.5 g/kg enzyme complex; and EC2, basal diet + 1.0 g/kg enzyme complex, 2Each mean
represents 10 pens with 6 pigs (initial BW, 26.40 + 2.29 kg) per pen, SADG, average daily gain; ADFI, average daily feed intake; G:F,
gain: feed; DM, dry matter; N, nitrogen; GE, gross energy; SEM, standard error of mean.

The different results may be due to supplementation of
different enzymes. Yoon et al. (2010) reported that adding
mannanase to corn-soybean meal-based diets containing 10
and 15% DDGS may improve ADG, ADFI, and G:F in
growing-finishing pigs. Wang et al. (2008) also reported
that ADG and G:F in growing pigs fed the rough rice based
diet supplemented with 2 g/kg enzymes (xylanase, f3-
glucanase and cellulase) were improved compared to the
control group. No improvement in ADG, ADFI, and G:F
was observed when growing-finishing pigswerefed hulless
barley diets supplemented with multienzyme preparations
(B-glucanase, pentosanase, cellulase, amylase and
pectinase) (Thacker et al. 1988), and finishing pigs were
fed sorghum-soy diet containing cellulase (Kim et al. 1998).
Theinconsistent results of those experiments may be caused
by the different source of diets and different enzymes.
Weanling pigs fed corn-soybean meal - and whesat-soybean
meal-based diets supplemented with enzyme (cellulase,
galactanase, mannanase and pectinase) had higher ADG and
G:F than those fed the control diet (Omogbenigun et al.
2004). Taken together, the different results in growth
performance among previous studies mentioned above are
mainly attributable to different growth phase of pigs,
composition of diets, enzyme dose, and amount of substrate
in the basal diet.

Nutrient digestibility: Digestive capacity in pigs
improves with age as the mature enzyme system and
increased gut microbial population (Lindemannet al. 1986).
The apparent ileal digestibility and ATTD of DM, GE, and
CP were increased in enzyme supplementation (cellulase,
galactanase, mannanase and pectinase) treatments fed the
corn-soybean meal diet or wheat-soybean meal diet in
weanling pigs (Omogbenigun et al. 2004). Wang et al.
(2004) reported that supplementation of exogenous enzymes
(B-glucanase, xylanase, and cellulase) increased the ATTD
of CP, CF, and crude fat in growing pigs fed a paddy-based
diet. Moreover, multienzyme supplementation (xylanase,
B-glucanase and cellulase) of 30% wheat distillers dried
grainswith solubles-based dietsimproved the apparent ileal
digestibility of DM and GE in finishing pigs and ATTD of

DM, N, and GE in growing pigs (Emiola et al. 2009).
Consistent with our study, the ATTD of DM and N was
greater in pigsfed the enzyme complex supplemented corn-
soybean diet (P=0.042 and 0.003, respectively) compared
with pigsfed the CON diet (Table 2). No effect was observed
for ATTD of GE. There was no difference in growth
performanceand ATTD of DM, N or GE between thelevels
of enzyme complex supplementation (0.05 or 0.10%). Kim
et al. (1998) reported that finishing pigs fed corn-soybean
meal diet had agreater ATTD of DM, N and GE than pigs
fed the sorghum-soybean meal diet. Li et al. (1993) also
demonstrated that the ATTD of CP and GE in weanling
pigsfed wheat, corn, and rye-based diets supplemented with
cellulase were not affected; however, when cellulase was
supplemented to a barley-based diet, the ATTD of CPand
GE was increased. The use of exogenous enzymes to
degrade indigestible dietary components has yielded
inconsistent results mainly because of the presence of
complex substrates in feedstuffs and the use of unsuitable
enzyme activities for effective hydrolysis of such
components (Slominski 2000). In addition, effect of enzyme
supplementation improving nutrient digestibility tends to
be low when diets contained highly digestible ingredients
(Johnson et al. 1993). It may indicate that better nutrient
digestibility can be got in early growth phase in pigs or
supply specia enzymesto pigsbased on thediet ingredients.

Fecal noxiousgasemission: Fecal noxious gasemission
such as NH;—N, H,S, and volatile fatty acid has become
one of the major air pollution in modern concentrative pig
production (van Breemen et al. 1982, Slanina 1994). Zhao
et al. (2011) reported that fecal H,S measured ond 5 and 7
was reduced in growing pigs fed diet contained 20 or 30%
enzyme (protease, amylase, xylanase, cellulase and -
galactosidase) fermented corn, and acetic acid was lower
in 20 or 30% enzyme fermented corn treatmentsond 7. On
the other hand, there was no difference in fecal H,S, acetic
acid, and NH5 gas emission concentrationsin growing pigs
fed different percentage of enzyme (protease, amylase,
xylanase, cellulase and a-galactosidase) fermented oat or
wheat diets (Guo et al. 2011, Zhang et al. 2011). It agrees
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Table 3. Effect of dietary enzyme complex supplementation on fecal noxious gas emission in growing pigsl-23
Item (ppm) Treatment SEM*4 P-value

CON EC1 EC2 CON vs. EC1 + EC2 EC1vs. EC2

Ammonia
di 19.5 18.0 17.4 0.8 0.057 0.528
d3 40.6 39.1 38.3 10 0.108 0.542
d5 62.0 60.2 59.4 13 0.175 0.680
d7 53.2 52.1 51.0 12 0.276 0.509
Hydrogen sulfide
di 0.9 0.8 0.8 0.1 0.264 0.549
d3 45 4.2 3.9 0.3 0.145 0.475
d5 94 9.3 9.0 0.6 0.711 0.671
d7 85 8.3 8.2 0.5 0.711 0.920
Total mercaptans
di 10.9 10.0 9.6 0.8 0.239 0.726
d3 20.8 20.3 19.6 0.9 0.424 0.574
d5 27.6 26.9 26.8 0.6 0.296 0.870
d7 27.1 26.2 25.8 0.8 0.285 0.734
Acetic acid
di 10.8 10.2 9.5 0.6 0.219 0.381
d3 18.3 17.8 17.6 0.6 0.454 0.887
d5 25.5 24.9 24.2 0.6 0.218 0.381
d7 24.8 23.7 23.2 0.6 0.103 0.650

ICON, basal diet; EC1, basal diet + 0.5 g/kg enzyme complex; and EC2, basal diet + 1.0 g/kg enzyme complex. 2Each mean
represents 10 penswith 6 pigs (initial BW, 26.40 + 2.29 kg) per pen. 3Samples were collected on d 42, after 1 d fermentation, fecal gas
emissions were measured, then measured again at d 3, 5, and 7. *SEM, standard error of mean.

with our study that enzyme complex supplementation did
not affect fecal NH,, H,S, total mercaptans, and acetic acid
emissionson d 1, 3, 5, and 7 compared with the CON
treatment (Table 3). No effectswere observed on NH;, H,S,
total mercaptans, and acetic acid emissions between the
enzyme complex supplementation treatments (0.05 or
0.10%). Additionally, Jo et al. (2012) demonstrated that
the fecal ammonia-N concentrations was not affected by
dietary supplementation of exogenous enzymes (f3-
mannanase, o.-amylase, and protease) in growing pigs fed
a corn-soybean diet, which supported the fact that there
was no difference in NH; emission in our study as well.
When dietary NSP is increased, more substrate enters the
large intestine for microbial fermentation and promotes
bacterial activity, which resultsin more N excreting viathe
fecesin the form of bacterial protein and less viathe urine
in the form of urea (Zhao et al. 2013b). The conversion of
urea to NH; is a rapid process in comparison with the
proteolysis of bacterial protein. This shift in N excretion
will lower the NHz emission. In addition, as urea N is a
substrate for the enzyme urease found in the feces, which
isassociated with NH;emission from the slurry, by reducing
urea N, less substrate is present in the slurry for NH5
production (Canh et al. 1998a, b), NH; emission will be
decreased. Dierick and Decuypere (1996) reported that
exogenous NSP enzyme supplementation can effectively
degrade viscous NSPleading to areduction in the viscosity
of the diet and enhanced nutrient utilization. In this study,
enzyme complex supplementation increased the ATTD of
nutrient, thus, less dietary NSP enters the large intestine

for microbial fermentation. It may explain why no
difference was observed in fecal noxious gas emission at
the present study. Asdietsin this study were based on corn,
which has a quite low content of NSP, the resultsindicated
that enzyme complex has effect on low NSP of corn based
diet in growing pigs.

In conclusions, the addition of enzyme complex
improved ATTD of DM, N and GE. However, adding
enzyme complex to corn based diets neither improved
growth performance nor decreased fecal noxious gas
emissions in growing pigs. Future investigations are
necessary to explorethe effect of enzyme complex on those
criteria in pigs fed different diets with various growth
phases.
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